INTRODUCTION
The recurrence rate of inguinal hernia following primary hernia repair ranges from 0.5% to 15% depending upon the hernia site, the type of repair, and the clinical circumstances [15] . Although the recurrence rate of inguinal hernia may be declining due to the more frequent use of mesh in primary hernia repairs [6] , recurrence still occurs due to various factors and it clearly remains a major health problem.
Early recurrence (within 2 years) is generally related to tech nical factors [6] . The main technical factors commonly associated with recurrent inguinal hernia are related to either a tissue repair [4, 7, 8] or inadequate mesh size or inadequate mesh fixation. Tissue repair, which is less likely to produce a tension free repair, is an important cause of failed hernia repair. No sig ni ficant differences have been identified in the incidence of recurrent hernia following primary hernia repair using a mesh, regardless of operative approach such as open or laparoscopic hernia repair [2, 4, 5, 9, 10] .
Late recurrences (after 2 years) are usually related to pa tientrelated factors. Patient factors that increase the risk for recurrent inguinal hernia are generally those that disrupt or weaken the tissues, contribute to poor wound healing, or increase the risk for postoperative infection. There have been many developments in the surgical procedure for inguinal hernia; presently, the socalled 'tensionfree repair' is the procedure of choice [11] owing to the low recurrence rate of hernias associated with it. However, there have been few reports on recurrence in Asia after laparoscopic and open tensionfree methods have become common. Although laparoscopic and open surgical techniques are evolving in form and number, there is a lack of epidemiologic data for recurrent hernia in Asia, including Korea. Therefore, we conducted this largescale study in 4 hospitals where mesh surgery was being actively performed.
This study aimed to investigate the epidemiological characteristics of recurrent inguinal hernia in patients across these 4 institutions. Anesthesiologists physical status classification I or II, and cases of inguinal hernia only (direct:indirect:mixed). Exclusion criteria were age <12 years, American Society of Anesthesiologists physical status classification III or worse, and emergency repair for outlet obstruction or strangulation. Patients returned to the outpatient department on the seventh day after discharge for an evaluation of their general condition. This study was approved by the Catholic Medical Center Research Ethics Board (IRB No. XC19REDI0054). Informed consent from patients to be included in this study was omitted according to the policy of our IRB. Statistical analysis was performed using IBM SPSS Statistics ver. 24.0 (IBM Co., Armonk, NY, USA). Differences between groups were evaluated using Student ttest and the chisquare test for continuous and categorical variables, respectively. Pvalues of <0.05 were considered as statistically significant.
METHODS

RESULTS
Among 4,604 patients who underwent hernia surgery, 255 patients (5.54%, 13 females and 242 males) were found to have recurrent hernia. Of them, 43 patients (16.9%) were under 50 years of age. Recurrent hernias were found predominantly between the ages of 61 to 70, comprising 28.2% of total recurrent hernia cases as shown in Fig. 1 . Rightsided recurrent hernias (150, 58.8%) seemed to be more prevalent than left sided ones (87, 34.1%). Bilateral recurrent inguinal hernias were reported in 9 patients (3.5%) ( Table 1) .
Indirect recurrent inguinal hernia occurred in 47.1% of the patients and direct hernia in 49.4%. Average time to recurrence was 9 years and 8 months. The incidence of early (<2 years after primary hernia) recurrence was 23.5%. The recurrence of hernias within 1 year of surgery was the highest at 17.3%, followed by those presenting 1 to 2 years after (7.5%), 2 to 3 12 20 0 0 0 0 0 0 Age (yr) 3 years after (7.1%), and 3 to 4 years after (7.1%) the operation. After 4 years of the primary hernia operation, the recurrence rate decreased to less than 7% ( Fig. 2 ).
Of the patients presenting with recurrent hernias, 81.6% had undergone open methods at the time of initial surgery and 18.4% had undergone laparoscopic surgery. The initial surgery was performed at other hospitals for 61.2% of patients with recurrent hernia, while 38.8% had undergone initial surgery at our institutions. In the primary repair, 39.2% of patients had undergone mesh repair and 36.5% of patients had undergone tissue repair (Table 2 ). Early recurrence rate was higher in the mesh repair group than in the tissue repair group (P < 0.001) ( Tables 3 and 4 ). The frequency of mesh repair was higher in participating institutes than in the other hospitals, and the time to recurrence was shorter in participating institutes group than others ( Table 5 ). Open surgery was most commonly performed for primary hernia while laparoscopic surgery was commonly performed for recurrent hernia (Table 6 ).
DISCUSSION
According to nationwide data on inguinal hernia surgery from 2007 to 2015, there was a dramatic increase in laparoscopic inguinal hernia repair procedures from less than 3% in 2007 to about 30% in 2015 [12] . Every year about 35,000 inguinal hernia repairs are performed in Korea and the incidence peak was found in adult patients aged 50 to 70 years [12] . Similarly, recurrent hernias were found most often between the ages of 61 and 70 years.
Nationwide data from 2007 to 2015 showed that, in Korea, every year approximately 2%-3% of repair operations are performed for recurrent hernia [12] . From 2007 to 2015, a total of 311,441 operations for inguinal hernia were performed in Korea, which comprised of 87% in male patients and 13% in female patients [12] . Recurrent inguinal hernia was found in 94.9% of men and in 5.1% of women, indicating that there were more men with a recurrent hernia than those with a primary hernia. Our data show that recurrent inguinal hernia was found in 5.5% of hernia repair operations. The proportion of recurrent inguinal hernia in our study sample was higher than the nationwide proportion as local clinics refer their patients with recurrent inguinal hernia to our institute for assessment and treatment.
This study provided definite data on the surgical problem of hernia recurrence. The maximum number of patients presenting with recurrent hernias were middleaged men [13] . In this study, the incidence rate of right recurrent inguinal hernia was higher than that on the left side because the incidence inguinal hernia was higher on the right side than that on the left. A recent metaanalysis shows that direct inguinal hernia was a significant risk factor for recurrence after inguinal hernia surgery [14] . Our data showed that among patients with recurrent hernia, the ratio of patients with direct and indirect hernia was nearly the same (49.4% vs. 47.1%, respectively).
The high prevalence of early recurrence of hernia was predominantly due to technical failures, as opposed to late recurrences that were caused essentially by local tissue failure [13, 15, 16] . The recurrence rate of hernias was the highest within 1 year of surgery and the recurrence rate between 1 year and 2 years was the second highest. Moreover, we found that early recurrence was more likely in the mesh repair group compared to the tissue repair group (Table 4) . Early recurrence was noted if a technical problem occurred during mesh repair, while late recurrence was observed in patients who underwent tissue repair [6] . Laparoscopic repair was recommended for he patients who underwent open primary inguinal hernia surgery and experienced recurrence [17] . However, in this study, surgeons tend to perform open surgery for patients who underwent open primary inguinal hernia surgery. In fact, in 28% of cases, surgeons did not follow the recommendation for laparoscopic surgery for recurrent hernia.
The present study has some limitations. First, our data set is insufficient to draw conclusion regarding the causation of recurrent hernia, and the 4 participating institutions may not be representative of all centers treating hernias in Korea. Second, we could not adjust for different operation methods or other unknown factors. However, there have been no recent reports on hernia recurrence in Asia and this largescale multi institutional study shows the epidemiological characteristics of recurrent inguinal hernia in Korea.
From our results, we found that the rate of recurrent hernia was highest in the first year following hernia repair, was higher in men. Further research is needed to identify the causes of early recurrence of hernias and prevent their occurrence. The higher proportion of early recurrences following hernia repair may be explained by the high proportion of technical failures [6] .
